To determine the contribution of infants born at the threshold of viability (Ͻ750 gm) on neonatal mortality in Colorado.
During the past 30 years, there has been a steady decline in the neonatal mortality rate (NMR) in Colorado. Indeed, since 1965 the state has experienced a 77% reduction in its NMR, from 17.7 to 4.1 per 1000 live births in 1996. This continued decline in neonatal deaths has been, for the most part, due to a remarkable reduction in the overall neonatal mortality for the low birth weight infants, particularly for those infants weighing Ͻ1500 gm (very low birth weight) ( Figure 1 ). 1 Undoubtedly, advances in perinatal and neonatal care and the widespread use of new technology and therapies have had a major impact on the survival of the very low birth weight infants in almost every weight group category. This has resulted in improved survival among infants who were previously considered nonviable. [2] [3] [4] [5] Parallel to this reduction in neonatal deaths, we have seen a shift in the causes responsible for those deaths (Table 1) . Those categories that were predominant in the 1960s are now responsible for fewer deaths, whereas infants born at the threshold of viability and those with major/complex congenital anomalies are currently among the most common groups contributing to neonatal deaths. Consequently, any further attempts to achieve an additional and meaningful reduction in the current rates of neonatal mortality would, necessarily, confront the clinician (and society) with the serious challenge of how to safely improve the survival of those infants born at extremely low birth weight (ELBW) without adversely affecting the outcome of the survivors. 6 -11 This study was conducted under the auspices of the Colorado Department of Public Health and Environment as part of an ongoing review of all of the neonatal deaths in Colorado to address the issue of survival in this unique population of infants of Ͻ750 gm birth weight, born in Colorado during 1991 to 1996, to examine the impact of birth weight and gestational age on their survival and to identify their contribution to the present rates of neonatal mortality.
METHODS
Retrospectively, we studied all of the neonatal deaths of liveborn infants with birth weights of Ͻ750 gm born to Colorado residents during the period of January 1991 through December 1996. The cutoff point of 750 gm was arbitrarily chosen to comply with the position adopted by the Committee on Fetus and Newborn of the American Academy of Pediatrics for perinatal care at the threshold of viability.
Original Article
birth: "The complete expulsion or extraction from its mother of a product of conception, irrespective of the duration of pregnancy, which, after such separation, breathes or shows any other evidence of life, such as beating of the heart, pulsation of the umbilical cord, or definite movement of voluntary muscles, whether or not the umbilical cord has been cut or the placenta is attached."
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The variables evaluated were gestational age, birth weight, gender, hospital level of perinatal/neonatal care, age at time of death, resuscitation in the delivery room, initiation and maintenance of mechanical ventilation, associated medical and surgical complications, and associated serious malformations.
Gestational age was taken directly from the information available in the birth and death certificates, which was usually a combination of maternal dates, early ultrasonography, and neonatal examination. Because of the known inconsistencies in the way gestational age is reported in vital statistics, 13 most analyses were based on birth weight only.
Birth weight was treated as a categorical variable for the determination of infants of low birth weight (Ͻ2500 gm), very low birth weight (Ͻ1500 gm), and ELBW (Ͻ1000 gm). For outcome analyses of those infants born at the threshold of viability (Ͻ750 gm), infants were grouped into subgroups by 100-gm increments.
In the present report, to be consistent with national and international reporting, we combined the neonatal deaths in the delivery room and in the neonatal intensive care units (NICUs).
We used standard statistical methods (t-tests and -squared analysis) for the analysis of the demographic data.
RESULTS

Birth Weight Distribution of All Live Births
During the study period there were 326,463 total live births, with an average of 54,400 live births per year and a male-to-female ratio of 1:0.95. Of these, 27,765 infants were categorized as low birth weight, 3,945 infants were categorized as very low birth weight, and 1,801 infants were categorized as ELBW, representing 8.5%, 1.2%, and 0.55% of the total live births, respectively.
There were 1021 infants with birth weights of Ͻ750 gm, accounting for 0.31% of the total live births. This group of infants represented the study cohort and includes 360 infants of Ͻ500 gm birth weight and 661 infants of 500-to 749-gm birth weight.
Neonatal Deaths and NMR
During the study period there were 1368 neonatal deaths, accounting for an overall NMR of 4.19 per 1000 live births. Of these, 633 deaths occurred in infants with birth weights of Ͻ750 gm, representing 46.3% of all the neonatal deaths.
As a group, infants of Ͻ750 gm exhibited an overall mortality of 61.99% (633 of 1021); however, the mortality rate was more than twice as high for infants with a birth weight of Ͻ500 gm when com- pared with infants in the 500-to 749-gm category (94.7% versus 44.2%, respectively) ( Table 2 ). It is evident that mortality increased significantly with decreasing birth weight, particularly for infants of Ͻ500 gm. The lowest mortality was observed in infants of 600 to 749 gm (35.7%). There were no survivors among infants of Ͻ400 gm, and the mortality was nearly 90% for those in the 400-to 499-gm category. When data were analyzed for survival, it was found that although the survival rate for this group of infants as a whole remained at Ͻ40% for infants in the 500-to 749-gm category; the survival rate was ten times higher than the survival rate for infants of Ͻ500 gm (55.8% versus 5.3%, respectively).
Deaths in the Delivery Room, NICU Admissions, and Survival
Of the 1021 live birth infants weighing Ͻ750 gm, 265 (26.0%) died in the delivery room. As shown in Table 3 , in 162 of these deaths (61.13%) no medical intervention was attempted in view of their extreme immaturity (gestational age of Յ22 weeks). In 103 infants, death occurred despite attempted resuscitation (38.9%). The remaining 756 infants responded to resuscitation and were admitted to a NICU (74%). Of those infants admitted to a NICU, 36 infants received comfort care and all of these infants died. Advanced care was provided to the remaining 720 infants and, of these, 332 expired in the neonatal period and 388 survived. Although the survival rate for those infants receiving advanced care was 53.9%, the overall survival for all of the infants weighing Ͻ750 gm was only 38.0%. Figure 2 displays the mortality risk in 525 infants of Ͻ750 gm, born during the period between 1994 and 1996, according to birth weightspecific subgroups and gestational age. It is evident that for every birth weight category, mortality decreases with each additional week of gestation from 22 to 27 weeks. Conversely, for any given completed week of gestation, mortality increases with decreasing birth weights.
Mortality Risk By Gestational Age and Birth Weight
There were no survivors among infants with birth weights of Ͻ400 gm and a gestational age of Ͻ23 weeks. The gestational age at which the mortality risk fell below 0.5 was inversely related to the birth weight-specific category. Infants weighing Ն500 gm with a gestation of Ͼ24 weeks showed a mortality risk that was consistently below 0.5, whereas in infants of 23 weeks' gestation, this risk was between 0.8 and 1.0, depending on whether their birth weight was above or below 500 gm.
Timing of Neonatal Deaths in Infants Weighing <750 gm
Of the total 633 neonatal deaths, the majority (560; 88.5%) occurred on the first day of life, with more than half of those deaths happening in the first hour of life (320 of 560; 57.1%) (Figure 3 ). Of the remaining deaths, 46 (7.3%) ensued between days 1 and 6, and 27 (4.3%) occurred between days 7 and 27. When we analyzed the data to include only those infants who received NICU care, the timing of the 332 deaths followed a similar trend.
Neonatal Deaths According to Level of Perinatal Center
As shown in Table 4 , the majority of infants of Ͻ750 gm were born in designated level II and III perinatal/neonatal centers (89.9%). Infants born in level I facilities (9.4%) experienced an overall mortality rate that greatly exceeded the rate observed in level II and III facilities (84.4%, 57.3%, and 60.6%, respectively) and represented 12% of the total neonatal deaths. This adverse mortality in level I centers can be accounted for by the much higher death rate in the 500-to 749-gm group delivered in level I facilities compared with level II and III centers (65.9%, 36.2%, and 45.3%, respectively).
DISCUSSION
The purpose of this study was to determine the impact that infants born at the threshold of viability have on the NMR in Colorado. The results of this study reveal that infants with birth weights of Ͻ750 gm represent 0.31% of all live births in Colorado and account for almost half of all neonatal deaths (46.3%). As a group, these infants exhibited a mortality rate of 62%; however, mortality was twice as high for those infants with birth weights of Ͻ500 gm compared with infants with birth weights of 500 to 749 gm (94.7% versus 44.2%). These findings are comparable with other reports of infants in this weight group category born in the 1990s. [2] [3] [4] [5] In addition, it is notable that the mortality for infants of Ͻ750 gm was very similar when we compared the early years of introduction of surfactant therapy (1991 to 1993) in Colorado with the later years of widespread use of surfactant 1994 to 1996.
When we analyzed the potential role that birth weight and gestational age have on determining survival for infants born at the threshold of viability, we found that, although survival increases with each additional week of gestation and with each 100 gm of birth weight (Table 2 and Figure 2 ), the overall survival rate for the entire group remains Ͻ40%. Furthermore, our data show that, with few exceptions, a reasonable survival is limited to infants with birth weights of Ն500 gm or to those infants whose gestational age is Ն24 weeks. Indeed, it is only for the infants with birth weights of Ն600 gm that survival is Ͼ50%. Based on our data, we concur with others that although technological advances may improve survival further among infants born at Ͻ24 weeks' gestation and weighing Ͻ500 gm, the care of these infants will remain as an enormous human, ethical, and economical dilemma for the clinician. [7] [8] [9] Conversely, there is hope that targeting our efforts to the group of 500 to 749 gm and above can be fruitful.
Many factors appear to influence the aggressiveness of obstetric and neonatal care of infants born at the threshold of viability. Included are the philosophy and experience of the attending physician and the beliefs and desires of the family involved, 9 -11 both of which are highly individual and likely to vary between and within perinatal centers. The individuality of these factors makes it difficult to form general management guidelines. 13 In our study population of infants of Ͻ750 gm, the likelihood of survival was not anticipated in 198 infants (19.4%); consequently, only comfort (nonintensive) neonatal care was provided in either the delivery area or NICU, and all infants died, usually within the first hour of life. Neonatal intensive care was initiated in 720 (70.52%) infants, and of these, only 388 (38.0%) survived beyond the neonatal period. The decision to initiate or withhold resuscitation and intensive care was not clearly stated in all situations. Most decisions were based on either ELBW or extreme immaturity (gestational age of Ͻ23 weeks) criteria alone, whereas in some other cases the decision was based on a combination of both with input from parents. Although the approach of limiting aggressive resuscitation to infants of Ͼ23 weeks' gestation is receiving increasing support in Colorado, the situation is less clear when one considers the 500-gm birth weight cutoff. There was a great variation among the different perinatal centers, particularly concerning infants in the 400-to 449-gm category. Infants born in a level III center were more likely to receive neonatal intensive care, at least initially, compared with those born in level I-II facilities. This situation becomes more relevant when one considers the fact that ϳ40% of infants with a birth weight of Ͻ750 gm were born in level I-II facilities.
Recent reports addressing the question of the limit of viability have concluded that the survival of infants weighting Ͻ400 gm and who are Ͻ23 weeks' gestation is so extremely rare that, for all intents and purposes, they are still considered pre-viable. [5] [6] [7] [8] As a group, they clearly exert a negative impact if they are all registered as live births and included in perinatal mortality rates and NMRs. In our series, there were 175 infants of Ͻ400 gm and Ͻ23 weeks' gestation, and all of these infants died shortly after birth. In adherence to the existing Colorado definition of live birth, all of these infants were included in our calculations, and they accounted for 13% of the neonatal deaths. Undoubtedly, they represent an important factor contributing to the current rate of neonatal deaths in Colorado. In fact, the exclusion of this group of pre-viable infants would result in a NMR of 3.65, instead of the NMR of 4.19 per 1000 live births reported in this study.
Although this study is limited to neonatal mortality, our findings would support the conclusions reached by Allen et al. 7 and others 8 -12,14 -21 concerning the care of infants born at the threshold of viability. Nevertheless, it is worth noting that, for this group of infants, even at 23 weeks' gestation, those with the best chance for survival to discharge are the infants who are born without significant perinatal complications and who are receiving care in a tertiary perinatal facility. At this time in Colorado, based on our findings of where infants of Ͻ750 gm are currently born, it appears that the greatest impact on neonatal mortality can be realized through the "re-regionalization" of high-risk perinatal care at the threshold of viability (500 to 750 gm) by consistently transporting mothers to a bona fide tertiary perinatal center.
In conclusion, although the last few decades in Colorado have shown a significant reduction in the NMR, further reducing neonatal deaths remains an important challenge. To approach this challenge in a focused and effective way, one must identify those causes of death that are realistically reducible. As our data in Table 1 indicate, over half of the deaths are still related to prematurity, with those infants born at the threshold of viability representing a significant number of those deaths. Consequently, in addition to continuing our efforts to prevent prematurity and low birth weight, those infants born at the threshold of viability need to become the focus of future strategies to further reduce these neonatal deaths. 
